A self-contained conditioning unit for use with impermeable protective clothing is described. The pack-mounted unit weighing I0 lb. (4*5 kg.) will enable a wearer to work for approximately one hour at temperatures in the zone of evaporative regulation.
Christie, Gleeson, Jowett, and Wright (I957) measured how effectively ambient air could be used to ventilate impermeable protective clothing and relieve heat stress when the clothing was worn in chamber environments simulating desert and tropical climates. While this form of ventilation extended the time a man could work in an impermeable suit, thermal equilibrium could not be maintained as the external temperature approached body temperature. Though ventilation rates ranged from 5 to I5 ft3 (I40 to 422 1.) of air per minute some heat storage had to be accepted. From this work it seemed that a self-contained suit, ventilated by a bellows of practical dimensions, could cope only with climates near an effective temperature of 28T30C. (830F.) over a working period of one to two hours.
Other devices designed to alleviate heat stress in operators wearing protective clothing have been described. The Farnborough group, whose interest is in protecting pilots of high performance aircraft, have reported their results with water-conditioned and air-ventilated suits (Burton, I965) . Here the problem is simpler as the subject is stationary and seated close to the source of cooling fluid.
Another cooling system for impermeable clothing, which is simple and effective in low ambient humidity, is the 'wetted over garment' pioneered by Crowden (1938) . His subjects wore respirators and heavy oilskins (decontamination clothing) over service uniforms, and over the oilskins wetted fabrics, ranging from loose, heavy towelling to a thin attached facing-layer. The subjects so clad completed moderate work in comfort with an air temperature of 32-2°C. (9o0F.) and relative humidities (RH) up to 65 %. With humidities much higher than this, evaporation from the wetted layer was insufficient to provide relief.
Another principle which has been used successfully in industry is that of a flexible attached airline, delivering large volumes of conditioned or dry air. As it is difficult to design an air hose combining adequate insulation and flexibility, the supplied cool air may become heated before it reaches the operator. This effect can be offset by using a permeable air hose so that the escaping air insulates the air fed to the suit. An extension of this principle is the 'dynamically insulated' permeable suit where the supplied air escapes radially and cools more efficiently than if it flowed laterally over the wearer's body (Crockford and this principle has been designed and described (Gleeson, I96I; Gleeson and Hicks, I963) . More recently, the cooling unit has been redesigned and the improved assembly (Fig. I) briefly described (Anon., i965) . It should be stressed that the present cooling system is not intended to protect against very high ambient temperature, as is Crockford and Hellon's, but to remove excess body heat when the suit is worn in the zone of evaporative regulation (Winslow and Herrington, 1949) . Basically the process involves evaporating a quantity of air from an insulated tank of liquid air, warming it by heat from the wearer's body, and passing it through a heat exchange chamber in the tank to evaporate more air and continue the cycle.
Design Liquid air provides cooling (a) from its latent heat of vaporization, (b) from its thermal capacity in coming to body temperature, and (c) by its unsaturation with respect to water. In changing from liquid at -ig0oC. to gas at 350C. and ioo% RH, 5 lb. (2-2 kg.) of liquid air absorb about 240 kcal. and thereby can provide cooling for approximately one hour (see Appendix, p. 2I8).
Care is needed in distributing the cool vapour, initially at about -I9o0C., throughout the suit space without causing cold spots or pockets of warm saturated air. In the design described below, these faults have been minimized. Circulating fans or pumps, which would impose additional power, weight, and space penalties, have been avoided.
The cooling system is shown in Figure 2 (3) the cooled overall described above worn over cotton underwear and socks. Rubber gloves, boots, and headgear were welded to the suit, making a completely sealed enclosure weighing 9 I kg. (20 lb.).
Subject The same subject, J.F.P., was used in all tests; age 23 years, height i 8o cm., weight 68-5 kg.
Exercise A treadmill provided a convenient form of exercise, permitting the subject to walk without disturbing thermocouple attachments. Alternate five-minute periods of walking at 6 km. /hr and resting in a standing position gave a mean metabolic expenditure of about 2I0 kcal. per hour.
Biassed results due to possible acclimatization were minimized by spacing the tests over a long period of time; also by alternating the three sets of clothing so that any acclimatization would show up as a gradual change over the series of tests. Environment The steel test chamber which has been described previously (Christie et al., 1957) During the cooled suit tests, the temperature and humidity of the air leaving the suit were measured using a small psychrometer (Christie et al., 
I957).
Humidity was not measured in the uncooled suit as the enclosed air became saturated within 20 seconds.
Rectal temperatures were not measured in these trials. Our experience, confirmed by Leithead and Lind (I964), is that under conditions of high stress, rectal temperatures change only slowly due to the insulating effect of surrounding tissue.
Results and Discussion
Figures 3 and 4 compare the levels of stress in the three clothing assemblies and show the expected peaks during exercise and troughs during rest. In spite of good motivation, the subject was unable to complete trials in the uncooled suit but was forced to retire after 25 minutes. Nevertheless he far exceeded the limits suggested by Robinson and Belding (1948) in their discussions on impermeable clothing.
Based on sweat loss the performance in the cooled suit (0o75 kg./hr; i'65 lb./hr) was close to that in shorts (o074 kg./hr; i-63 lb./hr), whereas in the uncooled suit the sweat rate was much higher (og99 kg./hr; 2 I9 lb./hr). The pulse rate (Fig. 3) of the subject in the cooled suit lay between the figure for shorts and that for the uncooled suit which could be worn only for about 25 minutes. However, skin temperature (Fig. 4) was lowest when the operator was wearing the cooled suit due to the effect of cool air passing over the body. The distribution was effective; there was no evidence of excessively cold spots either where tubes touched the body or where the air was released. Further, the cooling air was being used efficiently; when released at the wrists and ankles it was quite dry, but when leaving the suit its moisture content, as shown in Fig. 5 , was close to 90% saturation. The comparatively high temperature of this air was due partly to heat leaking in through the suit material. The mean skin temperature in this assembly is below 330C.
(9I-4'F.), which corresponds to an operative temperature between 270C. and 29gC. (8o-6°F.-84'2zF.), i.e., below the zone of evaporative cooling (Winslow and Herrington, I949) . This is another advantage of this form of air-conditioning; the operator is working in a local climate which will remove much of his body heat by convection. Fatigue will be less so no rest period should be needed when work in the suit is completed. (Io05F.), the coverall will cope with many industrial situations such as those met in ships' holds, in decontamination work, etc. The tank can readily be topped up or refilled, permitting longer periods of work in the hot environment. The coverall described was a prototype, constructed to evaluate the practicability of the concept. It is intended to improve its weight and comfort, further lowering the heat stress. The tank will be of aluminium shaped to the wearer's back. The outer surface of the suit will be aluminized and the inner one lined (Crockford and Hellon, I964) . Consideration is being given to replacing the ducting system by a perforated inner lining so that air is released at many points directly on to the body. With these changes the suit would provide not only a comfortable local environment but also a protective thermal barrier and so would be effective against much higher temperatures.
Future work will aim at finding the upper limit at which the suit can protect an operator for a useful working period. 
